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    Abstract
A survey of bacterial and archaeal genomes shows that many Tn7-like transposons contain ‘minimal’ type I-F CRISPR-Cas systems that consist of fused cas8f and cas5f, cas7f and cas6f genes, and a short CRISPR array. Additionally, several small groups of Tn7-like transposons encompass similarly truncated type I-B CRISPR-Cas systems. This gene composition of the transposon-associated CRISPR-Cas systems implies that they are competent for pre-crRNA processing yielding mature crRNAs and target binding but not target cleavage that is required for interference. Here we present phylogenetic analysis demonstrating that evolution of the CRISPR-Cas containing transposons included a single, ancestral capture of a type I-F locus and two independent instances of type I-B loci capture. We further show that the transposon-associated CRISPR arrays contain spacers homologous to plasmid and temperate phage sequences, and in some cases, chromosomal sequences adjacent to the transposon. A hypothesis is proposed that the transposon-encoded CRISPR-Cas systems generate displacement (R-loops) in the cognate DNA sites, targeting the transposon to these sites and thus facilitating their spread via plasmids and phages. This scenario fits the “guns for hire” concept whereby mobile genetic elements can capture host defense systems and repurpose them for different stages in the life cycle of the element.
Importance CRISPR-Cas is an adaptive immunity system that protects bacteria and archaea from mobile genetic elements. We present comparative genomic and phylogenetic analysis of degenerate CRISPR-Cas variants associated with distinct families of transposable elements and develop the hypothesis that such repurposed defense systems contribute to the transposable element propagation by facilitating transposition into specific sites. Such recruitment of defense systems by mobile elements supports the “guns for hire” concept under which the same enzymatic machineries can be alternately employed for transposon proliferation or host defense.
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